linear coupling, for some resent proposals based on quantum walks [13, 14] , keeping the level of decoherence as low as possible helps Xk= gkak +kak (4) achieve scalability [15] [16] [17] [18] [19] . Common quantum computation designs involve a sequence of "gate functions" corresponding Initially, at time t= 0, the qubit is taken unentangled to unitary operations performed on single qubits or on pairs of with the bath, which is considered a reasonable assumption qubits, as well as measurements related to error correction [20] . when one is interested in the dynamics of decoherence [23, 25] . Each gate function is carried out by applying external fields The initial density matrix for the bath modes is fully that control the dynamics of an individual qubit or modify an thermalized: The overall density matrix at t 0 is interaction between several qubits to entangle them [21] Since one of the criteria for designing a quantum the case when one accounts for quantum noise. The decohering computer is to minimize the noise effects, it is often expected effect of the environment can potentially be amplified as well that the interaction term is small with respect to other energy as suppressed depending on the time-dependence of the applied scales of the problem [18, 19, 26] . As a result, many approaches gate potential. In particular, it was found that decoherence can to evaluating decoherence utilize various perturbative be suppressed for qubit evolution subject to an appropriate approximations in powers of gk On the other hand, sequence of rectangular pulses [22] . At the same time, it has approximation techniques using the time itself as a small been recognized that in many cases application of external parameter once the fast dynamics has been factored out, have control pulses can in itself lead to noise-like effects, such as also been developed [27] and found many applications [28] [29] [30] [31] . destroying the qubit-qubit entanglement or "initializing" the qubits. Here we investigate the level of decoherence for singleHere we report results within both types of qubit dynamics with nontrivially shaped gate functions and approximation. In fact, the use of two different approximation quantum noise induced by coupling to a thermal bath Of schemes allows us to gauge the error of each of them and bosonic modes [23] .
compare the physical phenomena that they capture. In Section II, we survey the derivation of the approximations and test The Hamiltonian of the gated qubit exposed to an them for a solvable model. Our main results are reviewed in environment (bath) of bosonic modes is Section III, where we consider the case of a qubit subject to a H =H8(t) + HB + HSB. II. SHORT-TIME AND PERTURBATIVE EXPANSIONS [23] Qi(t) = fdt' S(t ') Xk (t'), (10) that approximation (6) is correct up to second order in time, 
The operator (9) is then factorized into a product using the
unitarity-preserving operator identities, see [23] . Finally, the integration, over the mode frequencies. For our model k calculations we will assume [25] the density, Y(Qo), of the +iLgk2[2(yx-yx)f(kyfkx+2(zx-zx)ftkz(kx+2(zy-zly')fkzfky. modes times the absolute square of the coupling constant, k g(0)1 , to be proportional to a power-law function with an Where Fk=fkyfk + ky fk,-fkfk -flklk,kfk +ffk ) exponential cut-off, i.e., Y(w2)=g(w) 2Jo"e '.
t Tr'[S(t')a]
The second approximation considered here is based fk(t) = Jdt 2 COS >tWt), (14) on a perturbative expansion in terms of the qubit-bath coupling 0 strength. It utilizes the Magnus expansion technique, [32] , and t tl is formulated to preserve the unitarity of the overall dynamics.
t>t) _--fdt'fdt"Tr o{S(t'),S(t")])cosok(t'-t")
We write the overall evolution operator in the interaction 4 JJ\ representation as an exponential of the Magnus series, (14) y(t) = P (t) -P (t) .
Iz0IL
It is defined in terms of the eigenvalues ;j of ,4t) , ie., 2. 5(b0)6 b j|X(t)I=max ; (t) (17) 2 0 -(
We note that the quantity (17) (18) where a is half the energy gap of the idling qubit, anid c is the 3g Figure 3 . The mneasure of decoherence (17) 
